The mechanisms of persistence and virulence associated with Candida glabrata infections are poorly understood, limiting the ability to fight this fungal pathogen.
in most cases, the capacity of these cells to invade human epithelia and to kill macrophages (Roetzer, Gratz, Kovarik, & Schüller, 2010) . Being a multifactorial phenomenon, it seems crucial to obtain a complete picture of all the cell components that contribute to persistence and virulence in this emerging fungal pathogen, in order to design better ways to prevent and control superficial and invasive candidiasis caused by C. glabrata.
The Drug:H + antiporter (DHA) family of the Major Facilitator Superfamily (MFS) has been demonstrated to play a key role in drug resistance in Saccharomyces cerevisiae (Sá-Correia, dos Santos, Teixeira, Cabrito, & Mira, 2009; Santos, Teixeira, Dias, & Sá-correia, 2014 ) and, more recently, in C. glabrata (Costa, Dias, et al., 2014a) .
Indeed, the DHA transporters CgAqr1, CgQdr2, CgTpo1_1, CgTpo1_2, and CgTpo3 were found to confer resistance to drugs and other stress factors, such as azoles, flucytosine, acetic acid, and polyamines, mostly by contributing to decrease the intracellular accumulation of those molecules (Costa, Henriques, et al., 2013a; Costa, Pires, et al., 2013b; Costa, Nunes, et al., 2014b; Pais et al., 2016; Costa et al., 2016) . Interestingly, however, the C. albicans DHA transporters CaMdr1, CaNag3, CaNag4 and, more recently, CaQdr1, CaQdr2, and CaQdr3 were found to further play a role in its virulence, although the molecular mechanisms behind this observation are still to be fully elucidated (Becker, Henry, Jiang, & Koltin, 1995; Yamada-Okabe & Yamada-Okabe, 2002; Shah et al., 2014) .
Here, we demonstrate for the first time, the impact of the expression of two of C. glabrata DHA1 transporters, CgTpo1_1 and CgTpo1_2, in the context of virulence. Their deletion is shown to lead to a lower virulence of C. glabrata against the infection model Galleria mellonella and that of the CgTpo1_2 transporter is also demonstrated to impair biofilm formation. Given these indications, this study focused on understanding how multidrug transporters can affect virulence and biofilm formation. In this context, the role of these transporters in antimicrobial peptide resistance, proliferation upon phagocytosis, plasma membrane potential, composition of the cellular membranes in ergosterol and fatty acids, and adhesin transcript levels was assessed.
2 | RESULTS
| The deletion of CgTPO1_1 or CgTPO1_2 decreases virulence of C. glabrata in a Galleria mellonella model of infection
In order to assess the effect of the expression of the multidrug transporters CgTpo1_1 and CgTpo1_2 in C. glabrata virulence, G. mellonella was used as an infection model. Larvae were injected with 5 × 10 7 cells, and their survival rate was registered over a period of 72 hr.
The KUE100 wild type C. glabrata strain was found to effectively kill 65% of the larvae population by the end of 3 days. Significantly, the deletion of CgTPO1_1 was found to increase by 30% the larvae survival rate, and the deletion of the CgTPO1_2 gene was found to increase host survival by 35% ( Figure 1a ). These data strongly suggest that these two homologous transporters are indeed involved in the pathogenesis of C. glabrata in the model host G. mellonella. Supporting these CFU/larvae of L5U1 C. glabrata wild type (full line), or derived L5U1 cells overexpressing CgTPO1_1 (top pannel) or CgTPO1_2 (lower pannel) genes (dashed line), is displayed as Kaplan-Meier survival curves. The displayed results are the average of at least three independent experiments, considering at least 10 larvae per condition per assay, standard deviation being represented by the grey lines. *p < .05; **p < .01; ***p < .001.
results, L5U1 wild-type C. glabrata cells harboring the pGREG576_MTI_CgTPO1_1 plasmid and exposed to 100 μM of CuSO 4 , leading to overexpression of the CgTPO1_1 gene, were seen to increase by 70% larvae death, and cells harboring pGREG576_MTI_CgTPO1_2 plasmid were seen to increase it by 20%
( Figure 1b) . Therefore, when present, these transporters are crucial for full virulence capacity of C. glabrata cells.
Because, to some degree, the capacity to carry out invasive growth in agar plates appears to correlate with virulence in this infection model (Calcagno et al., 2003) , agar invasiveness of wild-type C.
glabrata cells was compared to that exhibited by Δcgtpo1_1 and Δcgtpo1_2 deletion mutant strains. Significantly, after 15 days of growth in SLAD medium, with 10 μM of ammonium sulphate as sole nitrogen source, the Δcgtpo1_1 (Figure 2b ) and Δcgtpo1_2 (Figure 2c) mutants displayed 50% and 20% lower agar invasiveness, respectively, when compared to the wild-type parental strain (Figure 2a ), which may be correlated with the lower degree of virulence observed in the killing assay.
2.2 | CgTPO1_1, but not CgTPO1_2, confers resistance to the human antimicrobial peptide histatin-5
One of the possible mechanisms by which the CgTpo1_1 and CgTpo1_2 transporters may increase C. glabrata ability to kill G. mellonella larvae is by mediating the resistance to the antimicrobial peptides (AMP) present in the hemolymph of these insects. To test if these transporters are involved in AMP resistance, as suggested, C.
glabrata wild-type cells and derived Δcgtpo1_1 and Δcgtpo1_2 deletion mutants were incubated in the presence of a human AMP, histatin-5, which possesses candidacidal properties (Edgerton et al., 1998) . Upon 1 hr of incubation in the presence of 35 μM histatin-5, about the same concentration found in the human saliva, 67% of the C. glabrata wildtype population was seen to survive, whereas only 45% of the Δcgtpo1_1 mutant population remains viable in the same period ( Figure 3a) . In order to support this observation, L5U1 wild-type C.
glabrata cells harboring the pGREG576_MTI_CgTPO1_1 plasmid and exposed to 100 μM of CuSO 4 , leading to overexpression of the CgTPO1_1 gene, were incubated during 1 hr in the presence of 35 μM histatin-5. In this case, 69% of the cell population overexpressing CgTPO1_1 was viable, and only 32% of the cell population harboring the pGREG576 empty vector remains viable in the same period ( Figure 3b ). Unlike what was observed for the CgTPO1_1 gene, no effect of the deletion of CgTPO1_2 on histatin-5 resistance could be detected (data not shown). These results suggest that CgTPO1_1, but not its homolog CgTPO1_2, is involved in C. glabrata resistance to histatin-5, given that the resistance capacity is enhanced when considering the population overexpressing CgTPO1_1. These observations hint a possible role of CgTpo1_1 in the resistance to other antimicrobial peptides found in the infected host.
FIGURE 2 The deletion of CgTPO1_1 and CgTPO1_2 genes leads to a lower agar invasion due to nitrogen shortage. The halo of invasive growth of C. glabrata wild-type KUE100 cells (a) was qualitatively compared to those formed by the Δcgtpo1_1 (b) and Δcgtpo1_2 (c) strains. Cells were grown to mid-exponential phase and 4 μL of cell suspensions displaying and OD600nm = 0.05 were spotted in the surface of solid SLAD medium. Pictures were taken after 3 weeks of cultivation. Three-independent experiments were considered. The average invasion halo length values are indicated, standard deviation being represented by the error bars. **p < .01; ****p < .0001.
| The expression of CgTPO1_2 influences phagocytosis dynamics
Given the known strategy for C. glabrata lies in replicating inside the macrophages (Kasper, Seider, & Bernhard, 2015) , by preventing the maturation and acidification of the phagolysosome, one of the hypothesis for the reduced virulence observed during the survival assays could be higher efficiency in eliminating yeast cells through phagocytosis. To assess this hypothesis, the interaction between G. mellonella hemocytes and yeast cells was performed in vitro, using a multiplicity of infection (MOI) of 1:5. Once CgTpo1_2 was not found to play a role in resistance against histatin-5, we hypothesized if the decreased virulence displayed by its deletion mutant could be related with phagocyte internalization. The results show that after 48 hr, the deletion of CgTPO1_2 leads to a fourfold decrease in the number of viable cells found within the hemocyte (Figure 4a ). This reduction is probably either due to a higher susceptibility to the stress factors found inside the hemocytes leading to higher elimination rates, or to a decreased recognition by these host cells, leading to lower proliferation rates in these deletion mutant cells. Supporting these results, L5U1 wild-type C. glabrata cells harboring the pGREG576_MTI_CgTPO1_2 plasmid and exposed to 100 μM of CuSO 4 , leading to CgTPO1_2 overexpression, were seen to display higher C. glabrata survival upon phagocytosis, when compared to the same cells harboring the pGREG576 cloning vector ( Figure 4b ).
2.4 | CgTpo1_2, but not CgTpo1_1, is required for biofilm development C. glabrata has the capacity to adhere to other cells, such as phagocytic or epithelial cells, but also to abiotic surfaces, such as catheters, prosthesis or other medical artificial material implanted in the human body (Cowen et al., 2014) , forming biofilms (Roetzer, Gabaldón, & Schüller, 2011) . These cellular structures have been associated with higher tolerance to antifungals and to increased colonization/infection and persistence (Riera, Mogensen, D'Enfert, & Janbon, 2012) .
Consistent with the hypothesis that CgTpo1_1 and CgTpo1_2 are involved in the virulence phenomena in C. glabrata, their influence in biofilm formation was assessed. CgTPO1_2, but not CgTPO1_1, was indeed found to be involved in biofilm formation, its deletion leading to a 40% decrease in the total biofilm formed, when compared to the parental strain ( Figure 5a ). Additionally, L5U1 wild-type C. glabrata cells harboring the pGREG576_MTI_CgTPO1_2 plasmid and exposed to 100 μM of CuSO 4 , leading to overexpression of the CgTPO1_2 gene,
were found to exhibit a 1.8-fold increased biofilm concentration, when compared to the same cells harboring the pGREG576 empty vector (   Figure 5b ).
Considering the importance of the expression of the multidrug transporter CgTpo1_2 in biofilm development, its transcript levels were followed during biofilm formation and compared to those registered during planktonic cultivation. CgTPO1_2 transcript level was found to be threefold up-regulated in the young biofilm (6 hr), when compared to exponentially growing cells in planktonic cultivation, this transcript level being maintained in the mature biofilm (24 hr). Interestingly, in planktonic stationary-phase cells, a dramatic 27-fold upregulation of CgTPO1_2 expression was also registered (Figure 6a ). Despite the fact that only CgTpo1_2 was seen to play a role in biofilm formation, we sought to evaluate if CgTpo1_1 could contribute additively or recoup the absence of CgTpo1_2. Therefore, CgTPO1_1 transcript levels were measured in the absence of CgTPO1_2. No increased expression of CgTPO1_1 was detected in cells devoid of CgTPO1_2 (   Figure 6b ). Additionally, the reverse situation was also assessed, with no statistical relevant CgTPO1_2 transcript level increase in the absence of CgTPO1_1 (Figure 6c ).
Altogether, these evidences highlight that the CgTpo1_2 Drug:H + antiporter plays a role in biofilm formation in C. glabrata.
2.5 | The transcript levels of the adhesin encoding genes CgALS1, CgEAP1, and CgEPA1 are repressed in Δcgtpo1_2 biofilms
A set of five adhesin encoding genes, associated with adherence and biofilm formation, were chosen to further evaluate the effect of the multidrug transporter CgTpo1_2 in biofilm development overtime:
CgTpo1_1 is involved in histatin-5 resistance. Survival curves of C. glabrata wild-type (♦) and Δcgtpo1_1 (◼) deletion mutant strains, determined over a 60-min period, in the presence of 35 μM of histatin-5 (a). Survival curves of C. glabrata wild-type strain L5U1 + v (empty vector; ♦) and L5U1 + pGREG576_MTI_CgTPO1_1 (◼) strains, determined over a 60 min-period, in the presence of 35 μM of histatin-5. A minimum of three independent experiments were performed. The average survival is indicated by the line, standard deviation being represented by the error bars. *p < .05.
CgALS1, CgEAP1, CgEPA1, CgEPA6, and CgEPA7 (de Groot et al., 2013) .
Because the later two share 92% homology, their transcript levels are indistinguishable, and so, the results are expressed as their combined expression and designated CgEPA6/7. Gene expression was measured at 6 and 24 hr of biofilm development, and the relative expression of the genes in the wild-type strain KUE100 at 6 hr of biofilm growth was used as a reference. The expression of all four tested adhesion encoding genes was found to be up-regulated during wild-type biofilm development ( Figure 7 ). However, the transcript levels of CgALS1, CgEAP1, and CgEPA1 in the Δcgtpo1_2 mutant were found to be, in and for CgEPA1 also after 24 hr of biofilm formation (Figure 7c ). In the case of CgALS1, the deletion of CgTPO1_2 appears to result in the up-regulation of gene expression in the early biofilm, but downregulation after 24 hr of biofilm development. The expression of the CgEPA6/7 adhesin encoding genes was found to suffer no significant alterations upon CgTPO1_2 deletion ( Figure 7d ).
| Membrane potential is increased in the absence of CgTpo1_2
The shortage of nutrients is one of the triggers leading to cell adher- The expression of CgTPO1_2 leads to a higher viability of C. glabrata cells after interaction with G. mellonella hemocytes. G. mellonella hemocytes and C. glabrata KUE100 wild type and Δcgtpo1_2 deletion mutant strains (a), or G. mellonella hemocytes and C. glabrata L5U1 wild-type cells harboring the pGREG576 cloning vector or the pGREG576_MTI_CgTPO1_2 expression plasmid (b), were cultured using a MOI of 1:5. After the indicated time points, the number of viable cells found within the hemocytes were assessed, for both wild-type (dark grey) and Δcgtpo1_2 (light grey) cells, or wild-type + pGREG576 (dark grey) and wild-type + pGREG576_MTI_CgTPO1_2 (light grey) cells. A minimum of three independent experiments were performed. Standard deviation is represented by the error bars. **p < .01.
FIGURE 5 CgTPO1_2 expression increases biofilm formation. Biofilm formation was assessed based on crystal-violet staining upon KUE100 wildtype C. glabrata cells, and the indicated single deletion mutant cells grown for 15 hr in RPMI medium, pH 4.0, in microtiter plates (a), or L5U1 wildtype C. glabrata cells harboring the empty pGREG576 cloning vector or the pGREG576_MTI_CgTPO1_2 expression plasmid grown for 24 hr in RPMI medium, pH 4.0, supplemented with 100 μM CuSO 4 to induce gene expression, in microtiter plates (b). A scatter dot plot representation of the data is shown, where each dot represents the level of biofilm formed in each sample. The average level of formed biofilm in at least eight independent experiments is indicated by the black line (−), standard deviation being represented by the error bars. ***p < .001; **** p <.0001.
transporters, whose action depends on membrane potential as a driving force (Goossens, de La Fuente, Forment, Serrano, & Portillo, 2000) . In order to evaluate if the CgTPO1_2 gene may exerts an impact in biofilm formation by affecting the plasma membrane potential of C.
glabrata cells, the plasma membrane potential of these cells was monitored through the accumulation of the fluorescent dye DiOC6(3) (Cabrito, Teixeira, Singh, Prasad, & Sá-Correia, 2011) . The results obtained show that, on average, the Δcgtpo1_2 mutant cells exhibit a 3.6 times higher membrane potential than wild-type cells (Figure 8 ).
These results suggest that the CgTPO1_2 gene may play a role in maintaining the plasma membrane potential, possibly in an indirect fashion. The fatty acid profile of the deletion mutant Δcgtpo1_2 during planktonic growth is similar to that registered for the wild type ( Figure 9b ).
However, some significant differences were observed between the two strains during biofilm formation, the most noteworthy being the decrease overtime of the very-long fatty acid 23:4 ω6c from 5.6% at 24 hr to about 0.7% at 48 hr, observed in Δcgtpo1_2 cells, and in the wild type, its content increases to ca. 9% at 48 hr ( Figure 9c ). Besides, in the wild-type strain, the cell content in 16:1 ω7c after 48 hr of biofilm development reached levels similar to those found in planktonic cells, but this could not be observed in Δcgtpo1_2 cells (Figure 9c ).
Additionally, the total concentration of ergosterol in C. glabrata 
| DISCUSSION
In this study, the multidrug transporters CgTpo1_1 and CgTpo1_2, previously characterized as Drug:H+ Antiporters (DHA) of the major facilitator superfamily (MFS) involved in azole drug resistance and extrusion (Pais et al., 2016) , were shown to play a role in Candida glabrata virulence and biofilm formation.
Both transporters were demonstrated to increase the ability of C.
glabrata cells to kill the infection model Galleria mellonella. Indeed, the deletion of CgTPO1_1 and CgTPO1_2 leads to an increased larvae survival of up to 65% when compared with the wild type, and their overexpression was found to increase C. glabrata ability to kill G. mellonella larvae. The use of Galleria mellonella as a model, exploited herein for the first time for the study of Candida glabrata virulence (Jacobsen, 2014) , appears to be particularly useful in this context because it is difficult to cause C. glabrata-induced mortality in mice, even when facing immunosuppression (Jacobsen et al., 2010) . Considering the presence in this model system of the hemocyte-dependent cellular response, very similar to that displayed by mammalian macrophages (Ribeiro & Brehélin, 2006) , in which C. glabrata is able to survive and replicate for a very prolonged time (Seider et al., 2011) , the use of Galleria mellonella larvae may be considered an interesting model of what happens inside the human host. Interestingly, previous reports had shown that the C. albicans DHA endoding genes CaQDR1, CaQDR2, and CgTPO1_1, but not CgTPO1_2, was found to be a determinant of resistance to the AMP histatin-5, present in the human saliva (Jang, Bajwa, A second hypothesis raised to explain the role of CgTPO1_2 in C.
glabrata virulence was that it might contribute to decrease the ability of this pathogen to thrive upon phagocytosis. In this sense, the obtained results show that the deletion of the CgTPO1_2 gene leads to a significant decrease in C. glabrata cell viability inside the hemocytes. These results can either be related to higher elimination rates by the phagolysosome or to serious impairments during the yeast cells replication processes, therefore preventing them to proliferate as fast as the wild-type strain. They may also reflect changes at the level of C. glabrata cell recognition by hemocytic cells. This idea seems to be consistent with the observation that the expression of CgEPA1, encoding the key C. glabrata PAMP (Pathogen Associated Molecular Pattern), required for macrophage-pathogen recognition, is significantly impaired in the Δcgtpo1_2 deletion mutant cells, when compared to the wild-type strain. In this case, it appears reasonable to hypothesize that Δcgtpo1_2 cells might not be easily internalized by macrophages, thus preventing their entrance within this host environment, considered by C. glabrata to be a preferential site for cell proliferation.
Additionally, CgTpo1_2, but not CgTpo1_1, was found to play a role in biofilm formation. Not only its deletion led to a 40% lower biofilm formation, but also its overexpression increased biofilm formation by 1.8-fold. These observations are consistent with the previously described implication of the DHA transporters CaQdr1, CaQdr2, and CaQdr3 in biofilm formation in C. albicans (Shah et al., 2014) . Interestingly, the deletion of CgTPO1_2 leads to a decreased expression of the adhesin encoding genes CgALS1, CgEAP1, and CgEPA1, throughout biofilm development, suggesting that the triggering that leads to the overexpression of these adhesins during biofilm formation is inhibited in the absence of CgTpo1_2. Given that nutrient depletion is one of the triggers leading to biofilm formation (Riera et al., 2012) , we assessed the effect of CgTPO1_2 expression in the overall capacity for nutrient import by secondary transport, by an estimation of plasma membrane potential (Figure 7) , based on the uptake of the DiOC6 (3) fluorescence probe. Because Δcgtpo1_2 mutant cells were shown to display on average a 3.6-fold higher plasma membrane potential than wild-type cells, it is possible to propose that this transporter is involved, directly or indirectly, in the maintenance of plasma membrane potential. This appears to be consistent with the participation of several S. cerevisiae DHA transporters in the transport of cations and polycations, a process that is bound to affect plasma membrane potential. These include ScQdr2 involved in K + import (Vargas et al., 2007) and ScTpo1-4 (Tomitori et al., 2001 ) and ScQdr3 (Teixeira et al., 2010) implicated in the export of polyamines. Interestingly, CgTpo1_2 itself has been shown to confer resistance to the polyamine spermine, being much more important in the process than its close homolog CgTpo1_1 (Pais et al., 2016) , shown here not to affect biofilm formation. Because increased plasma membrane potential has been implicated in higher secondary transport activity (Eddy & Hopkins, 1998) , the fact that cells deprived of the CgTPO1_2 gene exhibit higher membrane potential suggests that they may display higher nutrient uptake capacity. This hypothesis is consistent with the observation that in nitrogen starvation medium Δcgtpo1_2 mutant cells display a lower level of agar invasion. Additionally, we also observed that the transcripts of CgTPO1_2 are increased during early biofilm formation and in cells reaching nutrient limitation-induced stationary phase of growth in planktonic cultivation. Interestingly, in S. cerevisiae, QDR2 and QDR3 transcript levels are also up-regulated upon the depletion of limiting nutrients such as leucine or other limiting nitrogen source (Vargas, Tenreiro, Teixeira, Fernandes, & Sá-Correia, 2004; Vargas et al., 2007; Teixeira et al., 2010) .
Finally, taking into account the importance of lipid composition in biofilm development and virulence in Candida albicans Noble, French, Kohn, Chen, & Alexander, 2010; Shah et al., 2014) , an analysis of ergosterol content and of the fatty acid profile of the wild type and derived mutant Δcgtpo1_2 was performed. We tion is yet unknown, it is interesting to point out that multidrug transporters such as ScPdr5 and ScYor1 have been linked to phospholipid
The deletion of CgTPO1_2 increases plasma membrane potential. C. glabrata wild-type KUE100 and derived Δcgtpo1_2 mutant cells were grown to mid-exponential phase of growth in YEPD medium. These cells were incubated with the fluorescent dye DiOC6(3), whose uptake and accumulation depends on the plasma membrane potential, and fluorescence microscopy was used to measure the fluorescence intensity of individual cells. A scatter dot plot representation of the data is shown, where each dot represents the fluorescence intensity of each individual cell. The average level of fluorescence intensity, considering at least three independent experiments, and at least 100 cells per experiment, is indicated by the black line (−), standard deviation being represented by the error bars. ****p < .0001.
transport (Shahi & Scott, 2009) , and ScPdr18 has been shown to play a role in ergosterol incorporation in the plasma membrane (Cabrito et al., 2011) . A similar role may be envisaged for ScTpo1_2.
Altogether, the results from the present study strongly suggest Effect of CgTPO1_2 deletion in the fatty acid profile of C. glabrata cells during planktonic cultivation and biofilm formation. Cells were cultivated in RPMI medium, pH 4.0, in shake flasks for planktonic growth or in square petri dishes for biofilm development and harvested after 24 or 48 hr of cultivation. Fatty acids (FAs) were extracted from these cells, methylated to FA methyl esters (FAME) and analyzed using GC. Displayed are the comparisons between: (a) wild-type cells growing in planktonic cultivation or during biofilm formation; (b), wild-type and Δcgtpo1_2 cells growing in planktonic cultivation; or (c) wild-type and Δcgtpo1_2 cells during biofilm formation. The displayed percentage of each indicated fatty acid, relative to the total fatty acid content, is the average of two independent experiments.
FIGURE 10
The deletion of CgTPO1_2 gene leads to higher ergosterol content in yeast cells. Wild-type and single deletion mutant cells were harvested after 15 hr of growth in YEPD medium, and total ergosterol was extracted and quantified through HPLC. Cholesterol was used as an internal standard in order to evaluate the yield of the ergosterol extraction. The displayed ergosterol content is the average of at least three independent experiments, standard deviation being represented by the error bars. *p < .05. the later kindly provided by John Bennett, of the National Institute of Allergy and Infectious Diseases, NIH, Bethesda, were used in this study. The C. glabrata Δcgtpo1_1 and Δcgtpo1_2 deletion mutants and the plasmids pGREG576_MTI_CgTPO1_1 and pGREG576_MTI_CgTPO1_2, constructed in a previous study (Pais et al., 2016) , were also used. 
| Galleria mellonella survival assay
Galleria mellonella larvae were reared in our lab insectariums, on a pollen grain and bee wax diet at 25°C in the darkness. Last instance larvae weighting 250 ± 25 mg were used in the killing assays, and the larvae infection was based on the protocol previously described (Mil-Homens & Fialho, 2012) C. glabrata. KUE100 strains were cultivated in YEPD until stationary phase, harvested by centrifugation, and resuspended in PBS (pH 7.4). C. glabrata L5U1 strains were cultivated in BM medium, incubated overnight for 16 hr in the presence of 100 μM 
| Galleria mellonella hemocyte-yeast interaction assays
To isolate G. mellonella hemocytes, hemolymph was collected from larvae previously anesthetized on ice and surface sterilized with 70%
(v/v) ethanol by puncturing the larval abdomen with a sterile needle.
The outflowing hemolymph was immediately transferred into a sterile microtube containing anticoagulant buffer (98 mM NaOH, 145 mM NaCl, 17 mM EDTA, 41 mM citric acid [pH 4.5]) in a 1:1 proportion.
The hemolymph was centrifuged at 250×g for 10 min at 4°C to pellet hemocytes. The supernatant was taken off, and the pellet was washed twice with 0.9% NaCl and centrifuged at 250×g for 5 min at 4°C. The hemocyte pellet was then suspended gently in 1 mL of Grace insect medium (GIM; Sigma) supplemented with 10% fetal bovine serum, 
| Biofilm quantification
C. glabrata strains were tested for their capacity for biofilm formation, recurring to the crystal-violet method (Pathak, Sharma, & Shrivastva, 2012) . For that, the C. glabrata strains were grown in SDB medium 
| Agar invasion assay
To assess the capacity of agar invasion, C. glabrata strains were batch cultured in YEPD medium till mid-exponential phase (OD 600nm = 0.5 ± 0.025), and a dilution of OD 600nm = 0.05 ± 0.0025 was prepared. Leading to nitrogen limitation, 4 μL of the prepared cell suspension was applied as spots in SLAD media containing 10 μM of ammonium sulphate (Sigma). Pictures of the spots were taken after 15 days of incubation at 30°C.
| Gene expression measurement
The transcript levels of CgTPO1_1, CgTPO1_2 and of the adhesin encoding genes CgALS1, CgEAP1, CgEPA1, CgEPA6, and CgEPA7 were determined by quantitative real-time PCR (RT-PCR). Total RNA was extracted from cells grown in biofilm. In square polystyrene petri plates (Greiner), 40 mL of fresh RPMI 1640 (pH 4) was placed, and cells were added so that the initial OD 600nm = 0.05 ± 0.005. The plates were incubated at 30°C and 30 rpm during 6 and 24 hr to analyze both young and mature biofilm development for each strain under analysis. At the end of each period, the supernatant was discarded, and the biofilm was removed with a metal spatula. Samples were centrifuged to remove excess water and frozen at −80°C until RNA extraction. Planktonic growing cells, used as control, were cultivated in RPMI 1640 (pH 4) with orbital shaking (250 rpm) at 30°C and harvested by centrifugation at comparable times.
For total RNA extraction, the hot phenol method was applied (Köhrer & Domdey, 1991) . Total RNA was converted to cDNA for the real-time reverse-transcription PCR (RT-PCR) using the MultiScribe Reverse Transcriptase kit (Applied Biosystems) and the 7500 RT-PCR thermal cycler block (Applied Biosystems). The real-time PCR step was carried out using adequate primers (Table 1) 
| Ergosterol quantification
Ergosterol was extracted from cells using the following method adapted from (Gong, Guan, & Witter, 2001 ). Cells were cultivated in YEPD with orbital agitation (250 rpm) until stationary phase, harvested by centrifugation and resuspended in 5 mL of methanol: 1 mL of a solution of 1 mg/mL of cholesterol (Sigma) was added as an internal standard to estimate ergosterol extraction yield. Homogenization was carried out with glass beads for 30 s, followed by incubation at 320 rpm for 1 hr. Each sample was then centrifuged and 1.7 mL of the supernatant was collected, clarified, and stored until HPLC analysis. The extracts were separated in a 250 mm × 4 mm C18 column (LiChroCART Purospher STAR RP-18 end-capped 5 μm) at 30°C.
Samples were eluted in 100% methanol at a flow rate of 1 mL/min.
Detection of cholesterol and ergosterol was performed using an UVVis detector set at 282 and 210 nm, respectively. Under the conditions used, the retention time of cholesterol was 15.4 ± 0.4, but ergosterol was eluted at 12.5 ± 0.2 min. Subsequent quantification of the two lipids was performed using appropriate calibration curves. The results are shown in μg of ergosterol per mg of wet cell weight.
| Determination of the fatty-acid profile
The fatty acid profile of the C. glabrata strains, harvested after 24 and 48 hr of planktonic or biofilm growth in a polystyrene surface in RPMI 1640 medium (Sigma), pH 4, was characterized. Cell fatty acids (FAs)
were simultaneously extracted and methylated to FA methyl esters (FAME), using the Instant FAME kit procedure according to the instructions provided by MIDI Inc. (Newark, DE; de Carvalho & Caramujo, 2014a) . FAME were analyzed on a 6890 N gas chromato- 
| Statistical analysis
Statistical analysis of the G. mellonella survival assay results was performed using the Mantel-Cox test. For the remaining results, statistical analysis was performed using Graphpad Prism Software version 6.0 (La Jolla, CA, USA) and analyzed with Student's t-test. p-values equal or inferior to 0.05 were considered statistically significant. Error calculations were made considering an n ≥ 30 in the G. mellonella survival assays and n ≥ 3 in the remaining cases.
